It has been established that there are several oxidase-positive, gram-negative microorganisms which morphologically resemble Neisseria gonorrhoeae and may grow on selective media. Therefore, the presumptive identification of gonococci based upon these parameters does not sufficiently address the infectious disease implications or the social implications of the recovery of an isolate with these characteristics. Confirmatory tests have been recommended (19) for all suspected N. gonorrhoeae isolates from urogenital sites and are of utmost importance for isolates from other body sites or from children.
Commonly used biochemical methods for the confirmation of N. gonorrhoeae rely upon sugar degradation (10-12, 20, 22) , fluorescent antibody (4), or more recently, coagglutination (19) tests. Several shortcomings of sugar degradation tests have been reported (3, 6, 19, 25, 29) , and the reliability of these tests has been questioned. A drawback of immunologically based gonococcal confirmation methods is their failure to address the identity of an isolate which demonstrates a negative reaction. This information is useful and, in many cases, necessary laboratory information.
The biochemical identification of Haemophilus spp. has traditionally been based upon the presence or absence of X and V factor requirements (4, 8, 9, 14) . These methods can lead to equivocal results (14, 16) and may be criticized for lack of attention to more recondite species of the genus Haemophilus.
The central issue of the present investigation was the screening and selection of a series of biochemical tests which would provide the basis for a more complete characterization and confirmation of suspected Neisseria and Haemophilus isolates.
MATERIALS AND METHODS Organisms. Cultures were obtained from the Centers for Disease Control (CDC), hospitals and state laboratories from different geographical locations, and our own culture collection. Stock cultures were maintained in whole blood-glycerol-Trypticase soy broth (10:1:5). The identity of Neisseria isolates was confirmed by the methods outlined by Morello and Bohn- hoff (19) and Kellogg and Turner (12) . Haemophilus isolates were identified by porphyrin production (16) and biochemical tests as previously described (1, 13, 14, 27) . The methods used for the identification of Kingella spp. (28) and Moraxella spp. (23) have been previously reported.
Biochemical tests. Acid production from carbohydrates, polyols, and organic acids was detected as previously described (17) . Decarboxylase and dihydrolase tests were carried out by the methods of Moeller (18) . The methods used to monitor glycosidase (13) and aminopeptidase (6) have been reported elsewhere. Carboxypeptidase activity was detected by the release of p-nitrophenol from CBZ-aminoacyl-pnitrophenyl esters. Sulfatase activity was measured as the hydrolysis of p-nitrophenyl-sulfate. Esterase activity was estimated by the release of p-nitrophenol from p-nitrophenyl esters, and phosphatase was measured by the release of aryl groups from aryl-phosphoesters (13 The nitrate test produced the highest S value (S = 168), followed closely by -y-glutamylaminopeptidase (S = 160), proline iminopeptidase (S = 144), glucose utilization (S = 143), sucrose utilization (S = 140), catalase (S = 132), phosphatase (S = 126), and ,B-galactosidase (S = 115). By using the S values initially and eliminating tests which differentiated duplicate pairs of organisms, 11 tests were chosen from the list of 30 to best differentiate the taxa tested. In some cases, tests were chosen for their ability to distinguish between specific organism pairs and not for their overall differential capability. The 11 tests that were included in the final test selection and the corresponding data base used are presented in Table 1 .
Phosphatase activity, as measured by indoxylphosphate hydrolysis, was chosen as a distinguishing characteristic of Haemophilus spp. and certain Kingella spp. Indoxyl-phosphate was preferable to p-nitrophenylphosphate since a low level of phosphatase activity was present in many species of Neisseria which produced weak or inconsistent reactions using the p-nitrophenylated substrate. Low levels of phosphatase activity did not interfere with the specificity of the indoxyl-phosphate based test. 1-Galactosidase activity served to delineate N. lactamica, Haemophilus aphrophilus, Haemophilus paraphrophilus, and most strains of Haemophilus parainfluenzae. Proline iminopeptidase and yglutamylaminopeptidase activities were chosen from the aminopeptidase substrates tested based upon the observation that proline iminopeptidase was detected primarily in Neisseria spp. and y-glutamylaminopeptidase was a consistent characteristic of N. meningitidis. The ability of N. gonorrhoeae, N. lactamica, and some strains of N. meningitidis to reduce resazurin irreversibly in the presence of high dye content and low peptone concentration was shown useful in differentiating them. The modified glucose utilization test was included in the selection as an aid in distinguishing those organisms which preferentially attack peptone rather than carbohydrate in the growth medium and produce an alkaline reaction. The Because of their general lack of saccharolytic activity, most Neisseria, Moraxella, and Haemophilus species have been classified as relatively inactive biochemically. The majority of the work carried out in an effort to characterize these organisms has been based upon tests designed for the differentiation of Enterobacteriaceae (2, 7), and little attention, except for a report by Kilian (13) , has been directed toward examination of the biochemical attributes of these species.
In the present study, a wide variety of biochemical tests were examined for their ability to differentiate Neisseria and Haemophilus spp. The phosphate test selected for the system behaved in a manner consistent with previously reported observations (13) , as did the glucose utilization and sucrose utilization tests (19 and several Neisseria spp., including N. gonorrhoeae, are known to produce an aminopeptidase-P and a proline iminopeptidase (5) . Proline iminopeptidase hydrolyzes substrates with an N-terminal proline residue (Pro-Y). Therefore, peptides with the structure X-Pro-Y are not attacked. Gonococcal aminopeptidase-P, however, releases the N-terminal residue from peptides with the structure X-Pro-Y. Substrates with the structure X-Pro-Y (e.g., glycyl-prolyl-,B-naphthylamide) serve as substrate for both Since the capability of Neisseria spp. to hydrolyze substrates with the structure X-Pro-Y is dependent upon two sequential activities requiring two enzymes, substrates with the structure Pro-Y for proline iminopeptidase are preferred substrates. The selection for proline iminopeptidase and -y-glutamylaminopeptidase tests from the screening process confirmed the utility of these tests not only for Neisseria spp. but for Haemophilus spp. and other gram-negative organisms as well.
The tests selected for biotyping Haemophilus spp. were those suggested by Kilian (14) and were found to react consistently with reported data after modification to a 4-h format. The 
